Neutral lipids, especially triacylglycerols, accumulated due to myo-inositol deficiency both in the cells of Saccharomyces carlsbergensis (HAYASHI et at. (1976) J. Biol. Chem., 251, 5759-5769) and in the liver of the rat (HAYASHI et al. (1974) Biochim. Biophys. Acta, 360, 134-155). The accumulation of triacylglycerols in the deficient yeast resulted, at least partly, from an enhancement of acetyl CoA carboxylase activity. The activation of the enzyme reflected the fluctuation due to the deficiency in the levels of fructose bisphosphate and citrate (HAYASHI et at. (1978) Biochim. Biophys. Acta, 540, 231-237). Thus, the kinetics of the regulation of acetyl CoA carboxylase by these intermediates was studied. In physiological concentrations fructose bisphosphate sigmoidally activated acetyl CoA carboxylase from yeast with the Hill coefficient of 3, while citrate counteracted the fructose bisphosphate activation in a sigmoidal manner with the Hill coefficient of 2. Fructose bisphosphate markedly increased the apparent Vmax value of acetyl CoA carboxylase for the substrate, ATP and slightly decreased the apparent Km value. Citrate greatly decreased the apparent Vmax value increased by fructose bisphosphate.
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In the course of our investigation on the abnormal lipid accumulation in myo inositol deficient Saccharomyces carlsbergensis (S. carts.), it was found that acetyl CoA carboxylase [EC 6.4.1.2 ], a rate-limiting enzyme of fatty acid synthesis, from this yeast, was activated by fructose bisphosphate and the activation was counteracted by citrate at the physiological concentration (1) . 59 Further, it has been proven that such a dual control of the acetyl CoA carboxylase with fructose bisphosphate and citrate is physiologically functioning in vivo in this yeast (1) . A marked elevation of fructose bisphosphate level and a drastic decrease of citrate level due to myo-inositol deficiency induced a great activation of acetyl CoA carboxylase in this yeast.
Fructose bisphosphate has been reported to exert stimulatory effects on several enzymes from various sources; fatty acid synthetase from pigeon liver (2); glycogen synthetase in E. coli (3); phosphofructokinase from rat skeletal muscle (4); pyruvate kinase from E. coli (5), S. cerevisiae (6) , the liver of the rabbit (7) and the rat (8); phosphoenolpyruvate carboxylase from E. coli (9); lactate dehydrogenase from Butyrivibrio fibrisolvens (10) and Streptococcus lactis (11) . Citrate activates mam malian acetyl CoA carboxylase by polymerizing the molecule (12) and controls the metabolism of pyruvate by interconverting pyruvate dehydrogenase between its active and inactive forms (13) , while citrate inhibits phosphofructokinase (4), phosphoenolpyruvate carboxylase (9), pyruvate kinase (14) etc.
As both the intermediates play important roles in the regulation of several enzymes, their levels are finely controlled by rate-limiting enzymes such as phosphofructokinase, fructose bisphosphatase, ATP-citrate lyase and citrate synthetase. The mechanism by which the levels of fructose bisphosphate and citrate fluctuate due to myo-inositol deficiency in the yeast, has been described elsewhere (15) . This paper deals with the change of kinetic parameters of acetyl CoA carboxylase from normal S. carts. by the presence of fructose bisphosphate and citrate. An addition of 0.5, 1.0 and 2mM of fructose bisphosphate increased the acetyl CoA carboxylase activity 1.2-, 3-and 10-fold, respectively, and the activation reached a maximum at 5mM fructose bisphosphate. The data in Fig. 1 
METHODS
and the result of analysis is shown in Fig. 1(b) . In Equation (1), n is the Hill coefficient which defines the extent of interaction between multiple interdependent sites, and K is a complex constant. The Hill coefficient of fructose bisphosphate activation is 3.1 for the slope of the linear equation calculated using the least square method. Citrate, which stimulates mammalian acetyl CoA carboxylase, neither activated nor inhibited the yeast acetyl CoA carboxylase. This result coincides with the result obtained by LYNEN et al. (16) . However, citrate counteracted fructose bisphosphate activation at a physiological concentration, as shown in Fig. 2(a) . The acetyl CoA carboxylase activity in the presence of fructose bisphosphate (1 mM) sigmoidally decreased as the citrate concentration increased. In the absence of fructose bisphosphate, however, citrate exerted no effect on acetyl CoA carboxylase. The citrate level in S. earls, ranged around 11.92±0.296 (mM) and the level was reduced to about 4.5mM due to myo-inositol deficiency. The data in Fig. 2 concentration of the metabolite. The Hill coefficient for citrate is 2.2. The dependence of the Hill coefficient for citrate on fructose bisphosphate concentration is shown in Fig. 3 . The Hill coefficient for citrate was 2.4, 2.3, 2.1 and 1.8, respectively, in the presence of 0.5, 1.0, 1.5 and 2.0 mM fructose bisphosphate.
The changes in properties of acetyl CoA carboxylase for ATP by fructose bisphosphate and citrate Figure 4 represents acetyl CoA carboxylase activity as a function of substrate Fig. 4 ( Table 1) . As the concentration of fructose bisphosphate increased (0 to 2mM), the Km value of acetyl CoA carboxylase for ATP slightly decreased, while the Vmax markedly increased. This result indicates that the activation of acetyl CoA carboxylase by fructose bisphosphate is mainly ascribed to an increase in the maximum reaction velocity and partly to a decrease of Km value. Figure 5 shows the inhibitory effect of citrate on acetyl CoA carboxylase as a function of ATP concentration in the presence of 1 mM fructose bisphosphate. The inhibitory effect on fructose bisphosphate-activated acetyl CoA carboxylase was greater at higher concentrations than at low concentrations of ATP. The Km and Vmax values of acetyl CoA carboxylase for ATP in the presence of citrate and fructose bisphosphate were calculated from Lineweaver-Burk plots from the data in Fig. 5 (Table 2 ). In the presence of 1mM fructose bisphosphate, citrate markedly decreased the Vmax for ATP. It also slightly affected the affinity. The result suggests that citrate counteracts fructose bisphosphate activation of acetyl CoA carboxylase primarily by decreasing the Vmax which is increased by fructose bisphosphate.
DISCUSSION
The rate of some enzyme-catalyzed reactions increases in a hyperbolic curve with an increase in concentration of the substrate, while in others the initial velocity increases sigmoidally. This results from the substrate binding at more than one site on the enzyme protein (17) . Regulators often bind at more than one site of the enzyme, thereby changing the reaction velocity (18) . Kinetic parameters (maximum reaction velocity; Vmax, affinity of the enzyme for the substrate; Km, and Hill coefficient; n) change in the presence of regulators for the reaction. Thus, the mode of interaction of the enzyme with the regulators is classified into 5 types by the changes in the parameters; changes 1) in only Km, 2) in only Vmax, 3) changes in Km and Vmax, 4) in Km and n, 5) in Km, Vmax and n together. 
